Introduction
Enterococci are commensal Gram-positive bacteria that inhabit in oral cavity, gastrointestinal tract, and vagina of humans and animals [1] . These bacteria can cause a wide variety of diseases in humans, especially, nosocomial infections and they now rank among the leading causative pathogens in the world [2] . Enterococcus faecalis (E. faecalis) is responsible for up to 90% of human enterococcal infections [3] , its pathogenicity ranges from life threatening diseases in compromised individuals to less severe conditions particularly due to many virulence factors [4] . Enterococci are multidrug-resistant (MDR) bacteria to most antimicrobial drugs used to treat human infections which exhibit a considerable therapeutic challenges [5] .
In oral cavity, E. faecalis is not considered to be part of the normal oral microbiota [6] . E. faecalis is mainly responsible for several oral pathologies, particularly, dental caries [7] , dental abscess [8] , periodontal infections [9] , apical periodontitis [10] , and persistent endodontic infections, also known as post-treatment endodontic diseases, in which E. faecalis is the etiological causative agent and responsible for serious complications [11, 12] . This can be explained by the fact that this bacterium possesses not only many virulence factors, but also an endogenous resistance to extreme ecological conditions and antimicrobials [8] , allowing E. faecalis to tolerate harsh environmental conditions in some sites within oral cavity, especially in root canal [11] .
The resistance of microorganisms to harsh conditions is due to biofilm formation [13] , a complex of lifestyle that allowing bacteria displaying specific properties, including an increase in resistance to antibiotics and antiseptic chemicals [14] . In fact, formation of these sessile communities and their inherent resistance to biocides are the origin of many persistent and chronic bacterial infections [15] . In dental root canal, eradication of E. faecalis with chemomechanical preparations and using antiseptics is difficult [11] . Even the most used antiseptics in endodontic treatments, sodium hypochlorite and chlorhexidine showed low ability to eliminate E. faecalis [16] .
The lack of strategies for E. faecalis biofilm elimination requires trying other substances except antiseptics and antibiotics, such as secondary metabolites of plants, especially, essential oils (EOs) one of the most important bioactive substances in medicinal plants [17] . Possessing a good antimicrobial activity [18] , EOs can replace treatments with antibiotics and disinfection using antiseptics. Furthermore, EOs have many interesting medicinal properties which can contribute to the treatment of intractable oral infections such as anti-inflammatory [19, 20] , anti-oxidant and stimulating the immune system response activities [21, 22] .
Treatment of oral infections by plant preparations, such as decoctions and infusions, is very popular among Arab peoples. Major reason of using those herbs extracts is their effectiveness and availability. In Algeria, many herbs especially from Lamiaceae family are widely used in treatment of oral diseases such as candidiasis, dental caries and periodontal diseases. Present principally in wild, species of thyme, lavender, oregano and rosemary are even applied by local population as antiseptics and for oral cavity aromatization because of their refreshing scent.
In the lack of studies that evaluate EOs as treatments of intractable oral infections, such as persistent endodontic infections, the aim of this study was to evaluate some Algerian EOs as natural antiseptics and antimicrobials against MDR E. faecalis, one of the principal oral pathogens, in both planktonic and biofilm state.
Materials and methods

Plant material
We have selected ten medicinal plants for this study which are presented in Table 1 . The choice of plant species is based on their use by the local population against oral infections, such as periodontal infections and dental caries. All species have been harvested from the region of 
Obtaining EOs
For this purpose, we have used hydrodistillation with Clevenger-type apparatus of the fresh plant material, as recommended by Benbelaïd et al [23] . Recovered EOs were dried using magnesium sulfate and stored in smoked vials at 4 °C until analysis.
EOs analysis with GC and GC/MS
Gas chromatography (GC) analysis was performed using a Perkin Elmer Autosystem GC-type chromatograph, equipped with two flame ionization detectors, for the detection of volatile compounds, one injector/splitter, and two polar (Rtx-Wax, polyethylene glycol) and nonpolar (Rtx-1, polydimethylsiloxane) columns (60 m伊0.22 mm inner diameter, film thickness 0.25 µm). The carrier gas was helium (1 mL/min) with a column head pressure of 25 Da.
To identify the constituents of the studied EOs, identification made by Kovats index was used, where the polar and nonpolar retention indices were calculated from the retention times of a series of n-alkanes, and from databases of mass spectra, where the obtained mass spectra were compared with those of computerized libraries [24] . Table 2 Data on studied E. faecalis strains. 
Microbial strains
Antibiogram
For selection of E. faecalis multidrug-resistant strains from clinical collection, we have performed an antibiogram according to Clinical and Laboratory Standards Institute (CLSI) recommendations [25] . Antibiogram was determined with the following antimicrobial agent-containing disks: amoxicillin (25 [26] , where antimicrobial activity of EOs against E. faecalis strains was evaluated in plates with MuellerHinton agar (Fluka®, India) pre-inoculated by swabbing of standardized microbial suspension at 10 8 CFU/mL. Whatman
No. 3 paper disks impregnated with 10 µL of EO, were placed on the surface of agar, each disk has a 6 mm diameter. After incubation at 37 °C for 24 h, the results were read by measuring the diameter of inhibition zones in millimeters (mm) by vernier scale. All tests were performed in triplicate.
MIC determination
The minimum inhibitory concentrations (MICs) of EOs were determined by modified broth micro-dilution method from Wiegand et al [27] . Briefly 
. Biofilm inhibitory concentration
The biofilm inhibitory concentrations (BICs) of studied EOs against E. faecalis strains in biofilm case were determined as described by Nostro et al. [28] with modification. Firstly, 96-well microplate was filled by distributing 100 µL of inoculum at 10 8 CFU/mL in each well. After 24 h of incubation at 37 °C , medium was gently removed and all wells were washed three times with sterile phosphate buffered saline. In the same moment, ten concentrations of each EO 24 h incubation at 37 °C , as the lowest concentration with no culture in well, visually determined and confirmed by no increase in optical density compared with the initial reading. Two ranges of wells for each microplate were filled with sterile Mueller-Hinton broth and serve as positive controls. All tests were performed in triplicate.
Biofilm eradication concentration
Biofilm eradication concentration (BEC) is the lowest concentration of EO that kills all viable cells of E. faecalis present and protected in biofilm. BEC was defined also as described by Nostro et al. [28] with modification. Protocol was continued in the same 96-well microplate used in determination of BIC, in the same day where the result of BIC was read. Supernatant fluid was gently removed and the wells were well washed three times with sterile phosphate buffered saline and one time with 20% sterile ethanol solution (Scharlau®, Spain) (in order to eliminate remaining traces of EOs). Then, microplate wells were filled with sterile tryptic soy agar (Conda Pronadia TM , Spain) and incubated for 72 h at 37 °C . BEC was determined as the lowest concentration with no culture visually determined and confirmed by no increase in optical density compared with the initial reading. Positive control was performed to verify that 20% of ethanol has no effect on strains. All tests were performed in triplicate.
Statistical analysis
Statistical analyses used in this study have been carried out using Microsoft® Excel. Where, comparison between antimicrobial activity against reference and clinical strains was performed by Student t-test at 95% level (P<0.05) in both planktonic and biofilm state.
Results
Chemical composition of studied EOs
Quantitative and qualitative analytical results of the studied EOs by GC and GC/MS are shown in Table 3 . In which we notice variability in composition of EOs between studied plants. EOs of species which belong to Lamiaceae and Apiaceae family are mainly rich in oxygenated monoterpenes, especially alcohols, such as thymol, carvacrol, and linalool with a high percentage. Thymbra 
Discussion
In the present study, we have evaluated some Algerian EOs against oral MDR E. faecalis. The choice of this species is based on many factors. Firstly, because of its multiple virulence factors [29] , the presence of this Gram-positive bacterium in the oral cavity has, in fact, a relation with several dental diseases, especially apical periodontitis [10] . In a research released by Salah et al. [30] all E. faecalis isolates in their study were recovered only from patients with dental diseases, especially necrotic pulps, while no E. faecalis strains were found in healthy patients. Secondly, E. faecalis is a nosocomial bacterium which can resist against many antibiotics [31] , chemo-mechanical preparations, and antiseptics, which represent a real challenge for dentists in some intractable infections, as seen in post-treatment endodontic diseases [11] . Thirdly, E. faecalis has an ability to form biofilm which seems to be a key factor in many bacterial infections and resistance of microorganisms to disinfections [13, 32, 33] . So, all these factors make E. faecalis as one of the major pathogens in the oral cavity, with a high risk of treatment failure because of its resistance to both antibiotics and antiseptics. Therefore, elimination of this harmful bacterium from oral ecosystem needs other solutions.
As alternative to antibiotics and antiseptics, we have tested some EOs against oral multidrug-resistant E. faecalis, especially in biofilm state, which is the real existence state of this harmful bacterium in the oral cavity, and the reason for its ability to survive under severe conditions causing pathogenesis during chronic infections. Antimicrobial activity evaluation of studied EOs against E. faecalis strains was very interesting, whether in planktonic or biofilm state. When we compare the ability to total E. faecalis eradication of studied EOs with well-used endodontic antiseptics, we find these EOs are competitive, especially in biofilm state. In study realized by Sena et al. [34] , it was found that chlorhexidine at 2% and NaOCl at 5.25% can eradicate E. faecalis, on condition when supplemented with mechanical agitation. While, some authors indicate that chlorhexidine and NaOCl show a low ability to eliminate E. faecalis [16] . For example, Arias-Moliz et al. [35] found that chlorhexidine at 4% did not eradicate E. faecalis biofilm. So, we conclude that studied EOs are good alternative antiseptic which can be used instead of chlorhexidine or NaOCl, especially against E. faecalis biofilm.
Comparison of the antimicrobial effect of studied EOs, using Student t-test at 95% confidence level (P<0.05), between sensitive and resistant strains have shown no difference in activity at planktonic state. While in biofilm state, Student t-test at 95% confidence level (P<0.05) show a significant difference between strains, where studied EOs were more effective against sensitive strains of E. faecalis than clinical ones. This could explain that biofilm formation was prevalent among isolates with MDR phenotype [36] , as well as the slow metabolic rate of microorganisms in biofilms [37] , and the extracellular matrix of the biofilm impede the effectiveness of many antimicrobials, which deters these agents to gain the protected cell inside [38] . We concluded that MDR strains of E. faecalis were less sensitive to EOs mainly due to their high ability to biofilm formation. But even if there is a mild resistance of biofilm to EOs, these antimicrobial agents remained effective, especially those of T. capitata and O. glandulosum.
A huge number of studies that evaluate the antimicrobial activity of many EOs were published in recent years, from which some authors concluded that antimicrobial activity of EOs was strongly correlated with the content of terpenoid phenols such as carvacrol, eugenol and thymol and some other oxygenated monoterpenes such as nerol, linalool, α-terpineol, fenchol and terpinen-4-ol [18, 39, 40] . In this study, we have found the same remark, where chemical analyses of studied EOs showed that among the most active EOs against MDR E. faecalis strains, O. glandulosum, T. capitata, L. multifida, and A. verticillata EOs are constituted principally by terpenoid phenols, 41 .62% thymol, 58.68% carvacrol, 57.75% carvacrol, and 50.13% thymol, respectively. While M. piperita was constituted principally by oxygenated monoterpenes, 51.59% linalool. In the other hand, synergetic effect between all major compounds of EOs was reported in some studies, where EO was more antimicrobially active than its major compound that was responsible for activity. For example, in study realized by Veras et al. [41] they found that EO of Lippia sidoides was more effective against Staphylococcus aureus than thymol alone, its major compound. In addition, Mulyaningsih et al. [42] found a good synergetic effect between compounds of Eucalyptus globulus EO against multidrugresistant bacteria, Staphylococcus aureus and Enterococcus faecalis. As well as, multiple combinations between terpenes were effective against microorganisms [43] , the use of the entire EO as antiseptic in mouthwash seems to be better than use of those terpenes alone, in both antimicrobial activity and natural treatment.
In summary, the findings of this study indicate that EOs extracted from aromatic plants can be used in treatment of oral intractable infections caused by E. faecalis, especially persistent endodontic infections. Because of their high yield and strong antimicrobial activity in biofilm state, the activity of three Algerian medicinal plants O. glandulosum, T. capitata and A. verticillata as solution used in eradication of MDR pathogens from oral ecosystem seems to be very important in both medical and economical point of view.
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Comments
Background
Enterococci are the commensal Gram-positive bacteria that inhabit in oral cavity, gastrointestinal tract and vagina of humans and animals. Enterococci are multidrug-resistant bacteria to most antimicrobial drugs used to treat human infections and they exhibit a considerable therapeutic challenges. E. faecalis is responsible for several oral pathologies, particularly, dental caries, dental abscess, periodontal infections etc. The secondary metabolites of plants, especially, EOs are one of the most important bioactive substances in medicinal plants. Possessing a good antimicrobial activity, EOs can replace treatments with antibiotics and disinfection using antiseptics.
Research frontiers
Ten medicinal plants were studied in this research. The choice of plant species was based on their use by the local population against oral infections, such as periodontal infections and dental caries. Seven strains of E. faecalis have been selected for this study; two of them were American Type Culture Collection strains with codes ATCC 29212 and ATCC 49452 (sensitive to antibiotics). While the rest were multidrug-resistant strains, selected from a collection of clinical E. faecalis strains obtained from patients with various oral infections, including apical periodontitis, chronic periodontitis, aggressive periodontitis, and cervicofacial cellulitis. Antimicrobial activity of EOs against planktonic E. faecalis strains assay and antimicrobial activity of EOs against E. faecalis strains in biofilm assay were done.
Related reports
E. faecalis is the etiological causative agent where it's responsible for serious complications. It is the fact that this bacterium possesses not only many virulence factors, but also an endogenous resistance to extreme ecological conditions and antimicrobials, allowing E.faecalis to tolerate harsh environmental conditions in some sites within oral cavity, especially in root canal. EOs have many interesting medicinal properties which can contribute to the treatment of intractable oral infections such as anti-inflammatory, anti-oxidant and stimulating the immune system response activities.
Innovations and breakthroughs
EOs extracted from aromatic plants in this study can be used in treatment of oral intractable infections caused by E. faecalis, especially persistent endodontic infections.
Applications
EOs are good alternative antiseptics which can be used instead of chlorhexidine or NaOCl, especially against MDR E. faecalis biofilm. It might be applied to use in other virulence bacterial strains.
Peer review
This study evaluated some EOs in treatment of intractable oral infections, principally caused by biofilm of multidrugresistant E. faecalis. The results of this study is useful for E. faecalis infection treatment. The high yield and strong antimicrobial activity of three Algerian medicinal plants EOs used in eradication of MDR pathogens from oral ecosystem may contribut to the medical treatment for oral intractable infections caused by E. faecalis.
